Massive stars are of interest as progenitors of super novae, i.e. neutron stars and black holes, which can be sources of gravitational waves. Recent population synthesis models can predict neutron star and gravitational wave observations but deal with a fixed super nova rate or an assumed initial mass function for the population of massive stars. Here we investigate those massive stars, which are supernova progenitors, i.e. with O and early B type stars, and also all super giants within 3kpc. We restrict our sample to those massive stars detected both in 2MASS and observed by Hipparcos, i.e. only those stars with parallax and precise photometry. To determine the luminosities we calculated the extinctions from published multi-colour photometry, spectral types, luminosity class, all corrected for multiplicity and recently revised Hipparcos distances. We use luminosities and temperatures to estimate the masses and ages of these stars using different models from different authors. Having estimated the luminosities of all our stars within 3kpc, in particular for all O-and early B-type stars, we have determined the median and mean luminosities for all spectral types for luminosity classes I, III, and V. Our luminosity values for super giants deviate from earlier results: Previous work generally overestimates distances and luminosities compared to our data, this is likely due to Hipparcos parallaxes (generally more accurate and larger than previous ground-based data) and the fact that many massive stars have recently been resolved into multiples of lower masses and luminosities. From luminosities and effective temperatures we derived masses and ages using mass tracks and isochrones from different authors. From masses and ages we estimated lifetimes and derived a lower limit for the supernova rate of ≈ 20 events/Myr averaged over the next 10 Myrs within 600 pc from the sun. These data are then used to search for areas in the sky with higher likelihood for a supernova or gravitational wave event (like OB associations).
Introduction
To estimate the ages and masses of stars, one almost always needs their luminosities and temperatures to compare their location in the H-R diagram with theoretical isochrones and tracks. Only in a few rare cases, other mass (or age) estimates are possible, e.g. in eclipsing double-lined binaries. Luminosity, mass, and age are very important parameters to study and understand the formation of stars. In particular for massive stars, as studied here, the formation mechanism is still a matter of debate, either accretion from massive disks and/or coagulation of lower-mass stars (see e.g. Zinnecker & Yorke, 2007 , for a recent review). For a lot of studies, typical mean luminosities and masses of stars of a particular spectral type and luminosity class (LC) are necessary, e.g. spectro-photometric distance or massluminosity relation. Here, we use Hipparcos (Perryman et al., 1997) parallaxes to re-estimate the luminosities of all massive stars within 3kpc, for which both new Hipparcos (van Leeuwen, 2007a, b) and 2MASS (Cutri, 2003) data are available. We use Hipparcos/Simbad (BV) and 2MASS (JHK) photometry toCorresponding author: mhohle@astro.uni-jena.de gether with the known spectral type and luminosity class to estimate the extinction. From these data, we also estimate all luminosities and masses. We restrict our sample to those stars which are assumed to be progenitors to supernova and/or neutron stars. Data as determined in our study are also necessary ingredients to population synthesis models to explain current neutron stars observations and to predict future gravitational wave detections.
The sample
We compile a list of all known massive stars, which are supposed to explode as supernova (SN), i.e. for LC V and IV spectral types equal or earlier than B4, for LC III equal or earlier than B9 and for LC I and II all spectral types (massive red giants and super giants), all within a distance to the sun of 3kpc. This distance is chosen, so that we are complete for stars earlier than B3V with A V ≤2.5 mag (limit for Hipparcos with at least 1 mas accuracy) and for comparison with the population synthesis in Popov et al. (2005) . This list contains 16304 stars selected from Simbad, 3042 of them have revised Hipparcos parallaxes (van Table 1 Input data of the first ten stars sorted by ascending relative error of the parallaxes (new reduced Hipparcos parallaxes from van Leeuwen, 2007 , corrected using equation 21 in Smith & Eichhorn, 1996) . B and V band magnitudes and spectral types are obtained from the Simbad data base (Hipparcos), JHK magnitudes and their errors derived from the 2MASS catalogue. If the spectral type is listed in Pourbaix et al. (2007) we give this value. For conversion from spectral type and luminosity class to temperature see section 4. The complete sample will be available at the ADS data base in electronic form. Brancewicz & Dworak (1980) 1 , Surkova & Svechnikov (2004) and Perevozkina (1999) listing eclipsing binaries. For 302 stars, there is not enough data available on the companion(s) to estimate parameters like luminosity correctly for all components, so that we omit them from our list. Our list then contains 2323 (247 multiples + 2076 singles, after checking for redundancy) stellar systems, with multiples counted once, with a total of 2398 stars having all parameters for the mass calculation. There are 247 spectroscopic or eclipsing systems in our list from the papers mentioned above. All those papers (expect Pourbaix et al., 2007) list dynamical masses, which are better than our model-dependent masses, so that we will use the published dynamical masses; for the stars in Pourbaix et al. (2007) , good photometry is given for all known components, so that we can estimate the masses for all components from the published data (as we do for all other stars in our list). The input data are listed in Table 1 .
Colours and extinction
The 2MASS magnitudes are well measured, with a median of the relative error of 0.34% for J magnitudes. More than 96% of all J magnitudes have errors lower than 10%. The errors of the H and K magnitudes are comparable to those from J (Cutri, 2003) . We use a general error of 1% for the B and V magnitudes (Simbad and Hipparcos). The calculation of the bolometric corrections from the spectral types and the extinction (A V ) due to the interstellar medium follows the procedure in Hohle et al. (2009) using the bolometric corrections and the intrinsic colour indices from Bessell et al. (1998) , Kenyon & Hartmann (1995) and Schmidt-Kaler (1982) . For the spectral types M4-6, we cannot use Bessell et al. (1998) , which goes down to 3500K only, so that we use only Kenyon & Hartmann (1995) and Schmidt-Kaler (1982) for these stars. We calculated the A V values from BVJHK colours of the single stars from the final list of 2323 stars and fit them to the one-to-one relation (Y (x) = Ax + a) with the results listed in Table 2 . We only use those colours for our calculations, which are bold faced in Table 2 . The criteria for selection is the following: If one linear fit is not consistent to ≥ 2 others, we do not use it, for example (B − V ) 0 from Kenyon & Hartmann (1995) . We treat a linear fit as consistent to another one, if A = 1±0.1 considering the scattering dA and if a = 0 ± 0.1mag considering da. With this criteria we select (V − K) 0 , (V − J) 0 and (V − H) 0 from Kenyon & Hartmann (1995 )/Schmidt-Kaler (1982 . One exception is (V − K) 0 from Bessell et al. (1998) . Although it is not consistent to more than two linear fits from Bessell et al. Transformation of the Hipparcos parallaxes (van Leeuwen, 2007) applying the Smith & Eichhorn (1996) correction (red dots) shown with 1σ error bars from all 2323 stars in the final sample. The one-to-one relation is indicated as dashed line. The large scatter around the main sequence results from the parallax errors. The luminosities were calculated after applying the Smith & Eichhorn (1996) correction. A few binaries appear below the main sequence, but are consistent to being main sequence within the errors for the luminosities (a representative error bar is shown in the box).
(1998), it is consistent to (V − K) 0 from Kenyon & Hartmann (1995) , whose consistency is already shown.
Generally, the extinctions derived from the different authors and different magnitudes are well in agreement (see also Figures 1-2). The final A V value for each star is calculated from the mean of the A V values from the four colours marked bold in Table 2 . 109 stars have mean A V values below zero (probably due to variability and non-simultaneous photometry) but all of them are consistent to zero within their 1σ error. We set the A V values for these 109 stars to zero for all further calculations.
www.an-journal.org Smith & Eichhorn (1996) correction (left panel) for their parallax (dots, at least five stars per spectral sub-type) and the median luminosities of the stars from the catalogue of Pourbaix et al. (2007) (squares, at least three stars per spectral sub-type), the dotted lines show the linear interpolation between the two subsamples compared to the standard bolometric luminosities from Schmidt-Kaler (1982) as solid lines. The error bars give the standard deviations (in some cases the error bars are smaller than the symbol size). Right panel: same without Smith & Eichhorn (1996) parallax correction. Schmidt-Kaler (1982) overestimates the luminosities due to ground based parallaxes and unresolved multiples. Figure 6 , but only for those stars within 600 pc. Note that in this case the number of super giants per spectral sub-type is to low for reliable statistics.
www.an-journal.org Table 2 Results of the fits for the one-to-one relation Y (x) = Ax + a of the A V values for single stars using BVJHK magnitudes and intrinsic colours from Bessell et al. (1998, B98) and a combination from Kenyon & Hartmann (1995) and Schmidt-Kaler (1982) For the resolved 247 binary systems the various catalogues list spectral types and visual magnitudes for both components. We estimated the BJHK magnitudes of the components from the BVJHK magnitudes and the spectral types of the unresolved system listed in 2MASS and/or Simbad using the resolved V magnitudes and spectral types given in the catalogues of both components with a procedure as in Hohle et al. (2009) .
From the resolved BVJHK magnitudes we calculate the A V values using the selected colours mentioned before.
Luminosities
Since one does not measure the distance itself, but the parallaxe, we use the error dependent expectation values of the parallax, which lead to smaller distances. This treatment is introduced in Smith & Eichhorn (1996) . We apply this correction to all stars in our sample using equation 21 in Smith & Eichhorn (1996) . The errors of Hipparcos parallaxes are often as large as its value for a distance of ≥ 1kpc. Unfortunately OB-type stars are typically far from us. 1536 of the 2323 stars are within 600pc that is a reliable distance for Hipparcos. Due to the small relative errors for this distances the Smith & Eichhorn (1996) correction does not strongly affect the distance estimate, while for stars with parallaxes ≈ 1mas this effect becomes important, see Figure 3 and 4. The luminosity of a star in units of L can be calculated by this familiar equation:
with the corrected distance d in parsec.
From spectral types we derived the temperatures T ef f using the Tables in Bessell et (1995) and Schmidt-Kaler (1982) . With temperature and luminosity we show all 2323 stars, singles and massive binaries, in the H−R diagram in Figure 5 . Our sample contains dozens or even more than hundred stars for most spectral types. This enables us to provide reliable statistic median luminosities with standard deviations for each spectral type (if the given sub-type is not an integer number, for example B2.5, we round up to the later spectral type given the slope of the temperature to spectral type conversion). We compare in Figure 6 our median luminosities with at least five stars per spectral sub-type with previously published (standard) bolometric luminosities from Schmidt-Kaler (1982) listed Table 3 List of the first ten from 2323 stars (see also Tab. 1). We derived the luminosities from the corrected (Smith & Eichhorn, 1996) parallaxes. From luminosities and effective temperatures we calculated the masses (using the models below and taking the errors of the luminosities into account) with medians and standard deviation. The complete Fig. 9 We derive a logarithmic slope of 3.66±0.12 (black solid line) for the mass -luminosity relation for main sequence stars with data listed in Table 4 (filled squares with 1σ error bars) that is slightly less than the slope of 3.84 (dashed line) obtained from the data in Andersen (1991, Table 1 therein). Hilditch (2001) gives a slope of 4.0 for stars with less than 10M and 3.6 for stars with larger masses (dotted lines).
in Lang (1994) .
While for most spectral types the values from SchmidtKaler (1982) (who do not list errors) are consistent with ours, there is a tendency to smaller luminosities for LC I and III in our new data. This discrepancy is still present if we restrict our statistics to stars within 600pc (corrected distances) or use uncorrected parallaxes for the luminosities (because most of the stars are within 600pc where the Smith & Eichhorn (1996) correction is not important, see Figures 6 and 7) . Wegner (2007) calculated luminosities from a star sample which is quite similar to ours, but shows only spectral types later than A0, with Hipparcos parallax (but extinctions only Fig. 10 Masses of both components of binary systems using evolutionary models in this work derived from effective temperatures and luminosities (see Brancewicz & Dworak, 1980; Bondarenko & Perevozkina, 1996; Perevozkina, 1999; Surkova & Svechnikov, 2004) compared to the dynamical mass values therein. Our mass values are medians from different models (see also Table 3 ) with the standard deviations as errors. The dashed line indicates the 1:1 relation: Our masses underestimate the dynamical masses of a factor of 1.5 in median (solid line). from B-V, not from BVJHK) and compared the result to the luminosities from Schmidt-Kaler (1982) . Wegner (2007) found for late type super giants the same differences as we: they are under luminous compared to Schmidt-Kaler (1982) by 1.5 magnitudes in average, in particular also the large discrepancy around spectral type K and M (up to two magnitudes). Recently, photometric distances of 29 OB associations and many OB field stars were adjusted using Hipparcos parallaxes from Dambis et al. (2001) . They found, that previous photometric distances overestimated the Hipparcos distances about 11% on average for these OB associations and www.an-journal.org Table 4 From Table 3 we obtain typical error weighted median masses and luminosities for different spectral types and sub-types. We list these masses (together with the luminosities using corrected parallaxes from Figure 6 ) where at least five stars for one spectral sub-type are in the sample. Because of uncertain photometry we excluded binaries and all stars listed in Simbad with a range for their possible luminosity class. Note that the number of O stars in the sample is small and that they often have large distances (with large errors), i.e. their masses and luminosities are less reliable than for other spectral types. 
Masses
With luminosities and effective temperatures, we can estimate the masses of our stars by comparing their location in the H-R diagram with model mass tracks. We use evolutionary models from Schaller et al. (1992) , Bertelli et al. (1994) and Claret (2004) . The different authors provide evolutionary tracks for different metallicities, we present the masses for solar metallicity. The metallicity is only well known for few stars and affect the mass estimation only by a few percent. The differences in mass between the models with the same metallicities are comparable to this. Owing to the discrepancies in the luminosities for super giants, we fix the temperature first, that is much better known than the luminosity, within 10% tolerance taking possible uncertainties from the spectral type determination into account. We then determined the mass tracks with the best relative agreement to the given luminosities within their errors. Even if the luminosity is strongly underestimated and the relative deviation to the nearest mass track will be large, at least it will be on the main sequence. This avoids a systematic underestimation of the masses caused from underestimated luminosities. The models of Schaller et al. (1992) underestimate the masses by 0.37% in median compared to the masses obtained from Bertelli et al. (1994) , while Clarets (2004) model overestimates the masses about 2.7% in median compared to the masses from the model of Bertelli et al. (1994) , i.e. they agree well. While Claret (2004) and Schaller et al. (1992) provide models for masses up to 120M , the models from Bertelli et al. (1994) give masses up to 34M for solar metallicity. Therefore, if the mass estimation of a star using Schaller et al. (1992) or Claret (2004) results in 34M or more, we did not use the results using Bertelli et al. (1994) . We list the results of the first ten stars in Table 3 . Using the different results from the different models for each star, we find, that the mean of the standard derivation is 9.9% compared to the median of the masses themselves. We see this as good consistency. For 76% of the stars, the standard deviation of the mass is less than 10% of the median of the mass value and for 28% of the stars the standard deviation is less than 5%. The standard deviations of the mass values may underestimate the error of mass estimation.
Having determined the masses of all 2323 stars, we obtain median masses for the spectral sub-types depending on the LC. Likewise for the bolometric luminosities we have dozens, or even more than hundred, stars per spectral subtype, i.e. the median masses should be robust against fluctuations and errors in the empirical data. We list these masses for stars with at least five entries in a spectral sub-type in Table 4 . If a system appears in one of the used binary catalogues, we use its dynamical mass instead of our modeldependent masses. If one system appears in more than one of these catalogues, we use the median and the standard deviation (as error) from the different mass values. From masses and luminosities in Table 4 we derive a mass -luminosity relation (L ∝ M β ) with β = 3.66 ± 0.12 for Bondarenko & Perevozkina (1996) [2] Brancewicz & Dworak (1980) [3] Surkova & Svechnikov (2004) [4] Pourbaix et al. (2007) [5] Docobo & Andrade (2006) the main sequence stars (see Figure 9 ). We also compare the masses of the binaries with dynamical masses with our method of mass determination. We use the effective temperatures and luminosities (derived from M bol ) listed in Brancewicz & Dworak (1980) , effective temperatures from listed spectral types and luminosities (derived from M bol ) in Bondarenko & Perevozkina (1996) , Perevozkina (1999) and Surkova & Svechnikov (2004) to calculate own mass values (if a system appears in more than one catalogue we list the median of the different masses). Our masses are in good agreement but tend to smaller values (a factor of 1.5 in median, peak at ≈ 10 − 20%) compared to the masses from the other authors (see Figure 10 ).
Super nova progenitors
We find 759 stars in our sample with median masses ≥ 8M in total, 36 of them are the secondaries of a more massive primary (Table 5) . Among them, in three systems the primary has a median mass ≥ 30M , i.e. may form a black hole. We list current masses in Table 5 , but do not include www.an-journal.org The complete star sample used in this work is represented by grey dots. Massive binaries are shown as black dots (with both components having masses ≥ 8M ) from dynamical masses listed in Brancewicz & Dworak (1980) , Bondarenko & Perevozkina (1996) , Perevozkina (1999) and Surkova & Svechnikov (2004) . We indicate a few OB associations, where we find clusters of massive stars, i.e. predict more supernovae in the near future (see Figure 13 ). Both Magellanic Clouds (LMC and SMC) are indicated, which were left out for this work.
binary interaction for predicting the final outcome.
Starting from the median mass values with the standard deviations (1σ) as errors we can give a maximum number of such systems (median + 1σ), a median number (median masses) and a minimum number (median -1σ), see Table  6 . We also give the corresponding numbers for these progenitors within 600pc in Table 6 . This includes the Gould Belt that hosts 2/3 of the SN progenitors within this distance (Torra et al., 2000) . From the mass estimation we also obtain ages using the corresponding isochrones in the models. Given masses and ages we estimate the expected remaining life time of a star using the model in Maeder & Meynet (1989) and, hence, predict a SN rate for the near future (that should be similar to the SN rate of the recent past). This SN rate is stable until ∼10Myrs in the future, then star formation and evolution matter. We obtain a SN rate of 21.3±4.7 events/Myr in average (given the Poissonian error) within 600pc, i.e. 14.5±3.8 events/Myr for the Gould Belt. We show the SN rate for the next 10Myrs within 600pc and for the Gould Belt in Figure 12 . We stress that we restrict our sample to those massive stars within 3kpc, which have both Hipparcos parallaxes and 2MASS JHK data, in order to estimate precise and accurate luminosities and masses. Hence, we miss several SN progenitor stars. Starting from 3694 stars (see Section 2) to 2323 stars in the final sample, we systematicly underestimate the number of such systems at least by a factor of 1.2 within 600pc and more than 1.6 for stars within 3kpc. Therefore we only estimate the SN rate for the well investigated and more complete stars within 600pc and multiply it with a factor of 1.2 (that still gives a lower limit of the rate), obtaining 17.4±4.2 events/Myr for the Gould Belt close to the past SN rate of the Gould Belt in Grenier (2000) , also averaged over 10Myrs. The SN events are concentrated in OB clusters, in particular the Orion OB clusters and the Vela region (see Figure 13 ).
Conclusions
Our mean luminosities and masses are derived from dozens of stars for most spectral types, which should make our results reliable and robust against individual outliers. In our sample 1536 stars are within 600pc and 2127 stars are within The supernova rate within 600 pc in the future (circles) obtained from the stars of our sample and multiplied with 2/3 (squares) for the Gould Belt rate (see text) compared with the rate of 20-27 events/Myr given in Grenier (2000) for the Gould Belt (dashed lines). Due to our selection criteria (see text) for the star sample, our rate is a lower limit. The average rate over 10Myrs is ≥14.2±3.8 events/Myr for the Gould Belt and ≥21.3±4.6 events/Myr within 600 pc. All errors are Poissonian. Table 6 Number of systems with at least one neutron star (NS) or black hole (BH) progenitor in the total sample (see text) and within 600pc in parenthesis plus the corresponding number if both components of a binary system are NS and/or BH progenitors. The numbers are obtained from the median mass values (median numbers), the minimum (median mass value -1σ) and the maximum (median mass value + 1σ) numbers of progenitors. 1kpc. For most spectral types and luminosity classes, our luminosities are smaller than those in Schmidt-Kaler (1982) , in particular for super giants, even if we restrict our luminosities to those stars with values of the parallax larger than its 3σ error or to stars closer than 600pc. This has several reasons:
1. Hipparcos distances are smaller than previously used ground based distances. This effect of 20 -30% in distance results in a revision of luminosity of 44 -70%. We thereby confirm previous similar conclusions by Dambis et al. (2001) and Wegner (2007) . 2. Many stars, especially super giants, which were supposed to be single stars decades ago, are now known as multiple or double systems with their components on the main sequence. Schmidt-Kaler (1982) uses data from Code et al. (1976) . 75% of the stars in Code et al. (1976) are known to be binaries or multiples today, but listed as single stars in Code et al. (1976) .
2
The masses we derived from our new luminosities using evolutionary models agree well with dynamical masses. We find 36 binaries with both components ≥ 8M and estimated the SN rate for the next 10Myrs for the solar neighbourhood to be about one SN per 50kyr. We have restricted our sample here to those massive stars within 3kpc, which have both Hipparcos parallax and 2MASS JHK data. We will enlarge our sample including all possible super nova progenitors within 3kpc in further work. Information about the likely distribution of neutron stars in the solar neighborhood can be important for the design of searches for gravitational waves (GWs) with current interferometric detectors like GEO600, LIGO and VIRGO. Blind searches for previously unknown neutron stars radiating gravitational waves are computationally very expensive, so restriction of searches to specific regions of the sky, frequencies, and spin-down time-scales can improve the sensitivity of searches. Of particular interest in current searches are old, isolated neutron stars which have cooled down so that they are no longer visible as X-ray sources, and which might not be radio pulsars or might have pulsar beams that are not directed toward us. Taking high kick velocities into account, 140 neutron stars, younger than 4 Myrs, should be still present within 1 kpc (Palomba, 2005) . Current GW searches for isolated neutron stars contain a spin-down parameter, which means that they can also detect accelerating systems, such as sources in wide binary systems. GW searches could easily be generalized to find neutron stars in wide binaries, even potentially those with accretion that leads to increased ellipticity and spin-up rather than spin-down. Figure 11 , shown with the distribution of the super nova rate for the next 10 Myrs (see also Figure 12 ) including all massive stars within 600pc. The colours indicate the normalised rate per Myr and square bin (longitude and latitude both divided in 25 bins). Note, that the super nova rate per area in Orion is 2-3 times higher than for the other clusters.
